Introduction
The purpose of the CAD-CAM-CAE integrated system is to identify and model the main factors affecting the highly complex design, processing and quality processes, increasing productivity in the mentioned sectors and significantly reducing costs mainly due to shortening the design, testing and manufacturing time. It is also worth mentioning the cost savings due to eliminating certain document management and archiving auxiliary departments.
The design process identifies the critical components of turbojet engines (complex components modeled based on flow and strength calculations performed using special software with finite elements) and models the process of passing from the "hot" element to the "cold" element that is to be processed by cutting. The project also defines a simulation / testing model for the parts and the assembly, shortening the preparation time by reducing the number of calculation iterations.
The program includes the CNC modeling and simulation of the cutting process dynamics in intensive HSC processing conditions. After integrating the design parameter modeling with the production one, the program further provides data regarding the production rates and scheduling for the CNC tools. Studies will also be conducted on the modeling and simulation of the kinematical and organologic structure of the CNC machine tools in order to determine the HSC processing specific process parameters [1] .
Integrated Quality, Manufacturing, Design-Concept
To reduce the time to delivery of the products on the market and to succeed using innovative solutions, a company needs to have the capacity to design, manufacture and certify a product (for example a gas turbine or a compressor) in time and for the right application. So, a performing PLM system (Product Lifecycle Management) is presented in this paper. The IQMD (Integrated Quality, Manufacturing, Design-Concept) philosophy for bladed parts included in turbo-machinery is the developing product management, which means that the manufacturing processes are always updated with information up to date. This fact is possible using the ERP module -Connect Toolkit.
At CAD level of the designing process, we can mention the 3D representation of the components and of the assemblies using software like Catia, NX, SolidEdge, Solid Works, and Inventor.
For CFD (Computational Fluid Dynamics) analysis, we can mention software like: Fluent, Ansys CFX, StarCD and for dynamical structural simulation we can mention software like, Abaqus, Ansys Structural [2] .
The product defining module. Designing components for gas turbines like fans is a complex process that involves making multiple stages. In first stage it's made the optimal geometrical calculation during the gas turbines operating, named "hot" geometry. Then it has to be passed to the manufacturing process, so called "cold" geometry, used for fabrication. This transformation implies management and utilization of the necessary recursive processes used by different commercial software like "Nastran" or in-house software. To reduce the technical documentation elaboration time, it was developed a parameterized profile design.
It was created libraries with "master" models for the relevant parts. The calculation and design for the critical parts in gas turbines like bladed parts it's done by optimizing so called "master" parts. The time and the quality of the designing process is reduced and those also the costs.
This software allow to represent blade profiles parametrical, allow optimization process and establish a bidirectional link, exactly, without errors with standard CAD systems, based on spline curves, surfaces and solid models. The recursive calculation of the "cold" geometry starting from "hot" geometry is a iterative process which take into account the operating parameters who modify the blade profile geometry.
Knowing the meshing nodes position we can generate automatically parameters, which are describing the airfoils and finally the automatic generation of the CAD surfaces for parts manufacturing (CAM). The programming platform to define the blade profile was Visual C# Express and SQL Server Express in order to implement the shown algorithm [3] .
The publication [4] shows the parameterization method and iterative process of the "cold" profile of the bladed parts.
Stress calculation module and dynamic virtual simulation of bladed part. The software is linking directly with the CFD modules. At this stage of the software, the hexahedral model of the analyzed geometry is created automatically, including the smallest details like chamfers, fillets, balancing rings and variable radius fillets (figure1). In addition there are put it also the limits conditions and loads in such a way that if a model which was build in few days, now is created in 10 minutes. The finite element method has the advantage that allows calculation of different solutions with more rotary assemblies which improve the precision in estimation of the own frequencies of the whole assembly, of the excited vibration, and finally of the stability of the rotor. The dynamical analysis module of the rotor assembly is done from 3 sub modules: one for lateral vibrations, one for torsion vibrations and one for axial vibrations with applicability to more rotors. This module offers also solutions in real time, which allows engineers to work interactively and to observe how rotor balance is influencing the rotor assembly vibrations, sealing wear, change of bearings and problems due to low frequency excitation (figure 2).
Module of administration of databases. For administration of CAD files, management of specific activities of manufacturing department and collaboration among the members of product development team, it was adopted the utilization of Siemens-Teamcenter. This module was configured for achievement of the following functions: stocking, realization of complex archives, personalized access, control of elaborated versions, protection of data integrity and restricted access for modifications, control of circuit of technical documentation, classification of components, multi CAD support.
Manufacturing module. The project proposes several solutions for the real-time modeling of the design, production and control activities specific to research and development, as well as to the prototype and small-scale production in the gas turbine production industry, for components of high theoretical and technological complexity and requiring high levels of reliability. The outcome of this project will be the development of a new, specialized product for the modeling and real-time coordination of processes. The project develops an interface to define the technological process sequence and the operation plan based on the tree (history) in the modeling program. The following specific objectives are proposed for integrating the production activity with the system: identifying the factors and modeling the technological parameters for optimizing the intensive processing (HSC) of complex bladed components with thin walls, made of titanium, steel alloys and aluminum alloys; developing an interface with the CNC processing machines allowing the processing of the modeled solid without any additional data processing.
Module of determination of cutting parameters. In order to obtain a high productivity at manufacturing of aircraft bladed pieces, one recommends the utilization of HSC (High Speed Cutting) technology. This technology uses special machine tools with high speeds, devices for Advanced Materials Research Vols. 463-464 599
intensive cooling and high cutting feeds. The establishment of optimal cutting parameters for bladed pieces with thin walls is based on a technological research made by COMOTI in own production facilities.
Starting from basic relation that defines the cutting force and feed force, the correction coefficients are determined, on base of determinations made on CNC machine tools with HSC technology. The studies made on machine tools and the computational soft for optimal cutting parameters for bladed piece manufacture with HSC technology are presented in work [5] .
Module for simulation of dynamical behavior of machine tools in cutting process. Due to intensive cutting process of piece surfaces, the machine tool is very stressed. For this reason, it is necessary to simulate the machine tool behavior in dynamic regime and to determine its limits in order to obtain the wanted precision and quality of surface. The dynamical analysis was made on base of cutting process feedback according to the below relation:
Details regarding the solving of failure matrix are given in work [5] .
Control mode of surfaces of gas turbine bladed pieces. This module is a component of integrated IQMD system and it was conceived to decrease the intermediary times in manufacture cycle due to intermediary control phase. Usually, after a manufacturing phase, the piece is moved on a three-dimensional control machine and it is measured blade by blade. In the past, after measurements, with special codes, one built the envelope of surfaces and one calculated the deviations with respect to reference surface. After measurements, the piece is put on positioned machine tool and the surface working is continued with other machining allowance. These stages leaded to time and precision loss due to successive reposition of piece.
Production Management Module. The turbo-machinery bladed pieces are complex pieces with a long manufacturing cycle. For this reason, their manufacturing is considerate critically in realization of every gas turbine and it requires a precise programming of production. The production programming takes into account the links among activities of production departments and it includes some phases. The programming stage contains the following activities: time programming of production; repartition of production tasks on manufacturing departments and human and material resources.
The stage of tracking, control, and update of production programs contains the following activities: tracking and control of realization of operative programs in allocated time; update of programs.
Conclusion
The integrated system, IQMD, for the design and cutting processing of critical turbojet engine components is a product that can be effectively implemented in any research and production company, but it can be also used by companies undertaking only one of these activities, by the limited use of only certain integrated modules. The project has a big economical impact by creating competence in the production of advanced technologies for critical components in high-technology industries, aerospace industry and turbojet engine construction in particular; creating scientific competence in approaching the design of complex profiles with thin walls (considering the requirements of low jet engine noise, high resistance to dynamic and heat stress, etc.), simulation and testing in a single system integrated with HSC processing and active control; creating the information infrastructure for cooperation with European companies in the industry -providing the guarantee of scientific, technical and organizational competence for complex cooperation in international programs.; a reduction in the time of transfer of the solid models from the design workshop to production, a reduction in the time required to prepare the production, scheduling, planning, launching and follow-up documents, which we expect to increase productivity by 25-40%; the integration of active control and automatic acceptance reports with the system will eliminate a
